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. 
• INTRODUCTION 

The Caribbean Fishery Management Council's (CFMC) Fishery 

Management Plan (FMP) for spiny lobster in the U.S. Caribbean was 

implemented on January 1, 1985. It identified a number of 

acti vi ties that require the attention of the National Marine 

Fisheries Service (NMFS) and the Caribbean Fishery Management 

Council (CFMC), in cooperation with the Commonwealth of Puerto 

Rico, and the Territory of the U.S. Virgin Islands through their 

pertinent agencies: Department of Natural Resources-(DNR) and the 

Fisheries Research Laboratory in Puerto Rico, and the Department of 

Planning And Natural Resources in the U. S. Virgin Islands. A 

central management measure for this FMP is a 3.5 inch (89 mm) 

carapace length as the minimum legal size limit. A spiny lobster 

stock assessment workshop was conducted at the CYMC offices,in San 

Juan, Puerto Rico on September 11-13, 1990 to meet FMP requirements 

for continual monitoring and subsequent action as data becomes· 

available. This report is the resulting Stock Assessment And 

Fishery Evaluation (SAFE) Report for the spiny lobster resource in 

the U.S. Caribbean. 

METHODS 

In preparation for the assessment, data sheets from 

approximately 950 trip interviews from st. Thomas, st John, and 

Puerto Rico from 1985 through 1989 were assembled by the CYMC staff 

and submitted to Miami Laboratory NMFS for data entry in the Trip 

Interview Program (TIP) format. Additional data sheets for three 
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years of sampling from 1987 through 1989 for St. Croix were entered 

by CFMC staff. Data sets, representing over 25, 000 measured 

lobster, were combined for length-frequency analysis using SAS' 

software at the workshop. Participants examined data and conducted 

analyses where appropriate. The assessment team chose to use 

Puerto Rico, st. Croix, and the combined St. John and St. Thomas 

areas as appropriate units for analysis. st. Croix was separated 

from the other Virgin Islands because it is located on a separate 

geological platform. 

RESULTS AND DISCUSSION 

Data Collection; Entry, and Management 

Available pata 

Several problems were noted in data collection procedures, or 

in data base management, which limited the types of analyses that 

were possible. These problems are detailed to improve future 

efforts and to give other researchers examples 'of situations to 

avoid: 

1. Sampling units and g~ar types were not recorded on many data 

sheets so confusion existed as to whether measurements were kilos 

or pounds, centimeters or inches, carapace length or total length, 

lobster. traps or fish traps, SCUBA, etc. 

1 SAS is a registered trademark of the SAS Institute, Inc., 
Box 8000, Cary, North Carolina 27511-8000. The National Marine 
Fisheries Service and other organizations listed in this report do 
not endorse any particular commercial product. 
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2. Zero catches (i.e. trips that targeted lobster but with zero 

landings) were not recorded in the trip interview samples for 

Puerto Rico. 

3. Numerous coding problems existed in the data base because data 

sheets and codes were not standardized between islands or between 

time periods within islands. Some area codes were either erroneous 

or were not documented. The uncertainty as to how to interpret the 

data sheets created confusion for data entry personnel in Miami, 

who were not familiar with the peculiarities of the data collection 

program, such as sampling methodologies, exact landing locations, 

species codes, etc. 

4. Completely and partially sampled trips were not distinguished 

on data sheets for Puerto Rico,. which made calculating 

catch-per-unit-effort impossible. 

5. In some cases units were recorded to several decimal places 

implying false precision~ Apparently some measurements were 

collected in pounds but converted by calculator to kilograms before 

entry on a data sheet. 

6. Virgin Island carapace measurements were recorded to the 

nearest tenth of an inch while in Puerto Rico measurements were to 

the nearest DIlD. 
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Recommendations 

As part of a solution to addressing these problems, the 

workshop recommends standardization of data collection and data 

base management. Some problems in the analysis of these data were 

caused by lack of standardization as to how daca were collected or 

recorded. For example, the sample sizes and coverage of 

length-frequency samples from the Virgin Islands were of limited 

use because the measurement units (0.1 in) were too large. We 

recommend using 1 mm increments. Frequently in Puerto Rico, only 

weights were recorded which were less useful than if combined with 

length measurements. We recommend preference be given to length 

measurements with subsamples being weighed where possible, however, 

weights without lengths are preferable to no data. 

Where possible, data entry should be done by the, data 

collecting agency to avoid misinterpretation. Many of the problems 
-

encountered in interpreting data sheets could have been solved by 

having the organizations or individuals that collected information 

enter da~aJ preferably as soon as possible after collecting 

information. Although all data now being collected in Puerto Rico 

are now being entered very soon after it is collected, much of the 

data used in this workshop were entered into a computer several 

years after collection. Most entry errors could be corrected by 

inspection of print-outs of records immediately after data entry. 

Many errors could be corrected by error checking programs that 

identify unusual or out-lying values. 
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A standardized storage format should allow basic data analysis 

for local governmental use as well as for more complex analysis. 

The recently renovated microcomputer TIP program, TIP Data Entry 

System Version 3.0, developed by the Southeast Fisheries center is 

one possible standardization solution. This system must be 

successfully tested in the field and allow easy data retrieval for 

local uses. A Spanish language version for Puert.o Rico may be 

helpful. 

Fishery Trends 

Total Landings 

Total spiny lobster landings data were assembled for Puerto 

Rico and the Virgin Islands (Table 1). In Puerto Rico total annual 

landings averaged 317,451 lbs for 23 years of available data, but 

have fluctuated over time (Fig. 1). Total reported annual landings 

increased from 1972 to a high of 512,000 lbs in 1979, and declined 

from 1979 to a low of 143,761 lbs in 1988. Thus, 1988 and 1989 

total landings were, respectively, only 28% and 36% of the maximum 

reported landings in 1979. Despite uncertainty about the accuracy 

of calculated values for some years (see Matos and Sadovy, 1990a), 

the review team concluded that the data probably reflected general 

landings trends. 

Total landings averaged 36,534 lbs for St. Thomas and St. Tohn 

and 7,284 for St. Croix between 1980 and 1988 (Fig. 2). Landings 

in the Virgin Islands appeared relatively stable during the time 

that landings data were available between 1980 and 1988. Total 
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• 
annual landings were higher from St. Thomas/St. John than from St. 

Croix presumably because the island platform around St. Croix is 

much smaller and supports a smaller resident lobster population and 

fewer fishermen. 

In Puerto Rico, divers have accounted for a greater proportion 

of lobster landings in recent years. Divers reportedly accounted 

for 47,000 lbs (13% of total trap landings) in 1977 and 48,000 lbs 

(12%) in 1978 (hand and speared lobster; Weiler and Suarez-Caabro, 

1980). A decade later divers accounted for more lobster and a 

greater percentage relative to total trap landings: 65,222 lbs (83% 

of trap landings) in 1988 and 53,232 lbs (42%) in 1989 according to 

landings reported under "skin and SCUBA divers" in Hatos and sadovy 

(1990a, Tables 6 and 7). Note, however, that Hurricane Hugo may 

have affected 1989 landings and effort. Hore information is needed 

about divers, particularly where they fish and the size-frequency 

of their landings. 

Total reported average annual landings from Puerto Rico and 

the Virgin Islands (Table 1) were 361,270 lbs or approximately half 

(44%) of the maximum sustained yield (HSY) estimated in the FMP 

(830,000 lbs per year). The reasons for the difference are unknown 

but are most likely due to any, or all, of the following: overly 

optimistic HSY projections in the FHP, incomplete reporting of 

actual l~ndings, and loss of yield due to landings of undersized 

lobster. As discussed later, the last factor is very likely to be 

important although its exact impact could not be quantified. 
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Size-Frequency 

Historical size-frequency data, where available, are shown 

for Puerto Rico (Table 2), st. Thomas/St. John (Table 3), and St. 

Croix (Table 4). Mean carapace length has remained fairly constant 

above 4 inches in the Virgin Islands but has declined in Puerto 

Rico from 4.4 inches in 1951 to 3.5 inches in 1989. 

Length-frequency data based on carapace lengths of sampled 

lobster were examined by sex classification for St. Croix, St. 

Thomas/St. John, and Puerto Rico (Table 5). Sex classifications 

were male, female without tar spots (spermatophores) or eggs, 

females with tar spots, and females with eggs. A few lobster, 

labeled in the data set as unidentified females, were not included 

in a specific sex classification, but were retained in the total 

length-frequency distribution. Because taking females with eggs is 

illegal, this category should be under represented which will bias 

the results in term of the number of females. For comparative 

purposes these data were expressed in percent (Table 6) and 

cumUlative percentages (Table 7). Puerto Rico lobster carapace 

lengths showed an approximately normal distribution around the 

minimum legal size of 3.5 in (89 mm) while both Virgin Islands 

locations showed a distinct absence of lobster below the minimum 

legal size (Tables 6 and 7). 

Differences between coasts of PUerto Rico were examined using 

1985 data for the south, west, and combined north and east coasts 

(Fig. 3). The latter were combined because of few existing data. 

Length-frequency patterns were generally consistent between coasts 

8 

matt.damiano
Highlight



although there was a trend for the largest lobster to come from the 

combined north and east coasts. The most likely explanation for 

these larger lobster is that some were probably caught further east 

closer to the Virgin Islands which tends to have larger lobster as 

discussed previously. 

Size-frequency data were compared to those of a.heavily fished 

spiny lobster fishery in Florida and unfished areas in the Dry 

Tortugas (Fig. 4) using data provided by Gregory et al., (l982) and 

Davis (l975). Lobster from all areas of the Virgin Islands and 

Puerto Rico tended to be larger than those observed from Florida. 

Lobster from St. Croix and Puerto Rico tended to be smaller than 

those from the unfished Dry Tortugas. St. Thomas/St. John had a 

higher frequency of large lobster than Puerto Rico. 

Size-frequency distributions were examined as a function of 

distance from shore in Puerto Rico in order to test the hypothesis 

that smaller lobster tended to be found closer to shore in shallow 

water, as in Florida. Data on depth of capture were not available 

at the workshop. Distances examined were 0 - 3 nautical miles (n 

= ll3 interviews), 3 - 6 nm (n a 87), and greater than 6 nm (n = 
294). No apparent differences is size-frequencies were noted with 

distance from shore (Figure 5). However, distance from shore did 

not necessarily reflect depth because the narrow shelf along the 

north and south coasts of Puerto Rico provides deep water close to 

shore and the presence of offshore islands, especially to the east 

and west, provides shallow "nearshore" water far from fishing 

ports. 
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Minimum Size Compliance 

Compliance with minimum size limits was much more likely in 

the Virgin Islands than in Puerto Rico based on size-frequency of 

landings. In the St. Croix data showed that undersized lobster 

represented 1.3% of the total lobster landed from 1987 through 

1989. In st. Thomas and St. John, only 2.9% of the. landed lobster 

were undersized between 1985 through 1989. In Puerto Rico, 

undersized lobster represented 40% of the total lobster landed 

between 1985 through 1989. There was no evidence of differences in 

local size preferences, or differences in fishing gears, methods, 

or depths to account for the observed absence of undersized spiny 

lobster in the Virgin Islands. The review team interpreted the 

absence of smaller lobster in Virgin Island catches as an 

indication of compliance with minimum legal size limits. 

Growth overfishing thus appears to be a major problem in 

Puerto Rico, based on the large number of undersized lobster being 

landed and the recent declines in total landings. A yield-per­

recruit ~,alysis would help quantify this sitUation, however, the 

review team, after considerable effort, was unable to generate an 

acceptable model because of a lack of growth data specifically 

tuned to Puerto Rico and the Virgin Islands (discussed later). 

Lyons and Kennedy (1980) found that harvesting of large numbers of 

small lobster resulted in 68-83% loss to the fishery in Florida. 

A model in the Lobster FMP (CFMC, pq 38) predicted effects of 

minimum size regulations on total landings. The model was 

calibrated to begin in 1980 and predictions were consistent with 
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actually observed patterns assuming that 3.5" minimum carapace size 

regulations were observed in the Virgin Islands and that status quo 

(no size limits) were being observed in Puerto Rico. Note, that a 

3.5" carapace length was in effect within the Virgin Islands during 

this time before the Federal FMP went into effect in 19B5. 

Declining total landings were predicted under the.status quo (no 

size limits) which appears to be the si tuatiorl in Puerto Rico (Fig. 

6a), although total landings declined at a somewhat faster rate 

than predicted. Total landings were expected to remain relatively 

stable and perhaps increase somewhat with a 3.5 in minimum carapace 

size regulation which is consistent with what was observed in the 

combined Virgin Islands' landings (-Fig. 6b). 

Catch-Per-unit-Effort (CPUE) 

A general consensus existed at the workshop that fishing 

effort has probably increased slowly in Puerto Rico and the Virgin 

islands over recent years. Although some data are available on the 

total number of fishermen (Table 1), effort data specifically 

targeting lobster were generally unavailable except for some data 

for St. Croix •. One problem is that lobster are caught by a variety 

of techniques including fish traps (pots), lobster traps (pots), 

and divers among others (Matos and Sadovy, 1990a). In Puerto Rico, 

reported CPU! of lobsters landed (lbs/trap/yr) by fish traps, 34.3 

(1977) and 29.2 (1978), was greater than that for lobster traps, 

24.1 (1977) and 15.1 (1978) (calculated from figures in Weiler, 

Suarez-Caabro, 1980). The percentage of total lobster landed by 
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lc~ster traps relative to fish traps was small: 12% in 1977 and 9% 

in 1978 (weiler, Suarez-Caabro, 1980), and 24% in 1988 and 14% in 

1989 (Matos and Sadovy, 1990a). 

Although a considerable amount of catch and effort data on a 

trip basis existed for Puerto Rico on the NMFS B6800 system in 

Miami, it was not considered useful for catch by. trip analysis 

because there was no way to distinguish between completely and 

partially sampled trips. Although lobster are routinely caught by 

lobster and fish traps, it was not possible to distinguish from the 

data which trap type caught the lobster. 

Analysis of catch-per-unit-effort (CPUE) for St. croix from 

1987 through 1989 based on monthly estimates of kilograms per trip 

and kilograms per pot (Fig. 7) show higher CPUE's in the winter and 

spring than in the summer and fall. Although Figure 7 also suggest 

that CPUE's may have declined over the 36 month sample period, not 

much confidence should be placed on a declining trend because data 

from only three months were available for 1987, these data came 

from winter months which tend to be high, and they are at one end 

of the regression series which gives them undue weight. Although 

the decline in kg/trip for 1988 and 1989 in Figure 7 seems to be 

clear, more data over a longer period are necessary to define 

trends in CPU! with greater confidence. 

Recommendations 

The assessment team concluded that the most obvious management 

action required to increase the productivity of the spiny lobster 
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fishery would be to enforce or increase compliance with minimum 

size restrictions in PUerto Rico. Spiny lobster growth studies are 

needed for PUerto Rico and the Virgin Islands to produce yield-per-

recruit models. Studies should be directed at describing the 

expanding diver-based spiny lobster fishery, particularly in PUerto 

Rico. Better data are needed on effort directed a~ spiny lobster 

and comparisons should be made of catch rates of spiny lobster in 

fish traps versus lobster traps. These two trap types will very 

likely have quite different catch efficiencies. Additional raw 

data from St. Croix on length-frequencies and catch-per-unit-effort 

should be entered into the data base. 

Biological Parameters 

Growth 

Determining growth is complex but essential for properly 

managing the fishery (Hunt and Lyons, 1986). The assessment team 

concluded that insufficient data existed to prop'erly characterize 

spiny lobster growth for PUerto Rico and the Virgin Islands region. 

It was agreed that growth parameters used in the spiny lobster FHP 

were probably Unreliable having been based on early studies from 

the Virgin Islands in which Olsen et al. ( 1975) had reported a 

growth coefficient (K) of 0.43 for males and 0.32 for females. 

Munro (1983) estimated K as 0.21 when L- - 190 mm CL for Jamaica. 

Estimates of spiny lobster growth coefficients range from 0.10 per 

year to 0.44 per year (Gulf of Mexico Fishery Management council, 

1982). Davis and Dodrill (1979) reported mean annual growth rates 
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of 21.3 and 40.0 mm CL in Biscayne Bay and Florida Bay, 

respecti vely. Florida growth parameters, although well documented, 

were not considered appropriate because growth rates were likely to 

differ greatly due to different prevailing temperatures and stock 

conditions. 

Considerable time was spent at the workshop attempting to 

estimate growth parameters for spiny lobster using the ELEFAN 

program (Pauly, 1985). The best available monthly length-frequency 

data to estimate growth were from st. Croix. Attempts to estimate 

growth parameters failed however for several reasons. First, 

carapace measurements were to the nearest one tenth inch which was 

too wide an interval to show distinct size-frequency peaks. 

Second, data were limited. Third, data were not available from 

individuals below the minimum size limit. Also, some assumptions 

of the ELEFAN program were violated because lobster grow in 

increments and lobster recruit throughout the year. CODREMAR had 

some growth data from very small tagged lobster but at too young an 

age to be useful. 

After the workshop, a new study was found that examined spiny 

lobster growth ·in Jamaica. Haughton and Shaul (1989) gave a nfirst 

approximation" of spiny lobster growth for Jamaica at K = 0.48 per 

year and ~ - 193 mm CL for males and K • 0.48 per year and ~ = 
193 mm CL for females. These estimates were considered inadequate 

to use for Puerto Rico and the Virgin Islands because of lack of 

precision in the estimates and possible differences in stocks 

between areas (Haughton and Shaul, 1989), as well as concerns about 
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the inappropriate application of the ELEFAN I program to lobster as 

discussed above. Without reliable growth parameters, yield-per­

recruit models could not be generated. 

Mortality 

It was not possible to estimate natural .mortality from 

available data. Annual mortality was assumed to be 34% (equivalent 

to M = 0.42/yr) in accordance with published literature from other 

locations (Waugh, 1981, Lyons and Hunt, 1987, Powers and 

Sutherland, 1989). 

Fecundity 

Potential annual egg production was examined for Puerto Rico 

(Fig. 8), st. Croix (Fig. 9), and St. Thomas/St. John (Fig. 10) 

based on female size. Potential egg production assumes that each 

female reproduces only once and all females breed. These 

assumptions are unrealistic· because not all females necessarily 

breed, especially smaller individuals (Lyons, et al. 1981) and some 

size classes may breed more than once per year. Potential egg 

production as· illustrated probably overestimates relative egg 

contributions of smaller size classes while underestimating 

contributions of larger size classes. Nevertheless these figures 

emphasize the importance of larger size classes to total egg 

production. 

The Spawning Potential Ratio (SPR), the ratio of eggs produced 

between a fished and unfished population, was calculated from 
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fishery dependent data according to methods used by Gregory, et al. 

(1982, his Tables 4 and 5) with available data from the most recent 

year for Puerto Rico (Table 8), St. Croix (Table 9) and St. Thomas 

(Table 10). Spawning potential was based on total mean fecundity, 

defined as the total number of eggs potentially produced divided by 

the total number of females (see Table 5 in Gregory,.et al., 1982). 

Number of eggs per female was calculated according to the formula: 

Number of eggs = 4.8(0.98 + 0.2598 CL)"", 

where CL is carapace length in mm. Breeding females were 

considered females with spermatophores (tar spots) or eggs. The 

estimated total numbers of breeding females may be low because of 

legal prohibitions against landing egg bearing females (berried 

females). Attempts to calculate an Index of Reproductive Potential 

(Lyons, et al., 1981, their Fig. 13) failed because the results 

could not be calibrated with earlier studies; the 76-85 mm size 

class, used to calibrate curves, did not exist in Virgin Islands 

data. 

Spawning ·potential, based on mean total fecundity, was 

compared to an unfished population in the Dry Tortugas and a 

heavily fished Florida population. For comparative purposes, 10 mm 

carapace length categories were used in calculations. However, 

calculations based on the midpoint of the carapace length provide 

some bias because the number of eggs increases exponentially with 
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s~ze. Therefore, calculations were also reported using 5 mm size 

categories and 1 mm size categories (see Tables 8 - 10). 

Spawning potentials of 55.9% were calculated for Puerto Rico 

in comparison to an unfished population in the Dry Tortugas using 

10 mm carapace length categories (see Gregory, et al:, 1982). This 

spawning potential is much higher than the 18.2% caLculated for the 

Florida Keys for 1976 (Table 5 in Gregory, et al., 1982) or the 6% 

estimated for 1988 (GMFMC, Lobster Plan, Draft Amendment 3). 

Calculated spawning potentials for the Virgin Islands exceeded 

the unfished Dry Tortugas population: 142% for St. Croix and 197% 

for st. Thomas. Although fundamental biological differences may 

exist between spiny lobster populations in the Virgin Islands and 

the Dry Tortugas, most of the difference can be explained as an 

artifact of the methods and calculations. ihe Dry Tortugas 

estimate was based on actual catch from fishery independent 

sampling while the Virgin Islands estimates were based on 

commercial landings (fishery dependent) in which undersized 

individuals were excluded. Thus, very few females under 3.5" 

carapace length were included in Virgin Islands data which inflates 

mean total fecUndity estimates because of the absence of numerous 

small, less fecund individuals in the calculations. Lyons et al. 

(1981) attempted to overcome this problem by standardizing data 

using a. 76-85 mm carapace length as a basis for comparison. 

Unfortunately, this size category is missing from Virgin Islands 

landings. A fishery independent sampling program would be 

necessary to better sample smaller size classes. 
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Sex Ratios 

Sex ratios (Males: Females) from available data since 1987 

averaged 1.0 for Puerto Rico (Table 2), 1.6 for St. Thomas (Table 

3), and 1.2 for St. Croix (Table 4). Sex ratios were skewed toward 

males in the Virgin Islands most likely because of larger lobster 

in the landings (since males tend to grow larger th~n females) and 

also because females with eggs were not landed which biases the 

ratio. 

CONCLUSIONS 

status of Stocks 

The spiny lobster fishery in the Virgin Islands appears 

healthy at present levels of fishing effort and under currently 

used fishing practices based on available data. Landings have 

remained consistent and the spawning potential appears high. 

The spiny lobster assessment workshop panel viewed with 

particular alarm the nine-year decline in total" landings and the 

large number of undersized lobster being landed in Puerto Rico. 

Growth overfishing' appears to be a significant problem in Puerto 

Rico based on" these facts. Recruitment overfishing' does not 

appear to be a problem under present levels of fishing effort based 

on calculated levels of spawning potential. The most reasonable 

• Growth overfishing occurs when fishes are caught too small, 
before they have had a chance to grow. 

, Recruitment overfishing is a more serious problem that 
occurs when fishing reduces adult stocks such that lower egg 
production increases the chance of stock collapse through 
recruitment failure. 
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explanation for these observations is that shallow water areas are 

being heavily exploited and overfished while deeper waters are less 

effectively exploited and maintain a reasonable number of large 

spawning individuals, some of which enter the landings (NOTE, the 

fact that no difference is size-frequency distributions were found 

with distance from shore does not refute this hypo~hesis). Thus, 

spawning potential appears high even though total landings are 

down. This scenario should be interpreted as a need to reduce 

fishing mortality on smaller lobster and not as an excuse to 

increase fishing effort on larger lobster in deeper water. Also, 

changes in the fishery should be monitored in case the increased 

eXploitation by divers noted in Puerto Rico increases access to 

deeper water. 
, 

The assessment team concluded that most obvious management 

action to increase the productivity of the spiny lobster fishery 

would be to increase compliance with minimum size restrictions in 

PUerto Rico. Compliance appeared acceptable in the Virgin Islands. 

The workshop did not deal with other potential issues 

including slot-size regulations, mortality caused by using 

undersized lobster used as bait in traps, degradable escape panels, 

or trap escape gaps which have been treated elsewhere (e.g. Lyons 

and Hunt, 1987; Powers and sutherland, 1989). Al though the 

original FMP discussed differences in landings between territorial 

and Exclusive Economic Zone (EEZ) waters, these could not be 

examined at the workshop because data that distinguished catch by 

location within or outside of the EEZ were unavailable. 
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Data Collection, Entry, and Management 

Results of this workshop emphasize the continued need for 

standardized data collection, entry, and storage. Some analyses 

were hampered or were impossible because data were unavailable or 

stored in different formats. Collection of effort data are 

especially needed for better analyses. 

Definition of Overfishing 

The assessment panel was asked to comment on a definition of 

overfishing. Compared to Florida, the Virgin Islands and Puerto 

Rico show good representation of larger individuals which was 

interpreted to indicate that lower fishing effort exists in both 

areas compared to the Florida spiny lobster fishery. The 

calculated spawning potential ratios were well above the 20% 

minimum level recommended for a definition of overfishing by the 

Science and Statistical Committee. The 20% minimum SPR was 

recommended based on theoretical grounds (i.e. Goodyear 1989) and 

not on e~~irically derived stock-recruitment relationships which 

are unavailable for lobster. The lobster assessment workshop 

endorses the 20% SPR definition of overfishing as a conservative 

measure. The 6% SPR recently proposed for Florida by the Gulf of 

Mexico Fishery Management Council Lobster Plan was based on a 

relatively long time period of empirical landings observations 

which are unavailable for the Caribbean region. The workshop 

participants considered it irresponsible to assume that the 
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Caribbean region will respond to fishing pressure in the same way 

as southern Florida. 

A definition of overfishing based solely on spawning potential 

appears to be inadequate, particularly considering the fact that 

total landings in Puerto Rico have declined for 9 .years and are 

only 28 to 36% of peak values. One alternative i~ to include in 

the definition of overfishing a defined level of spawning potential 

and total landings. Ideally, the amount of total landings should 

be a percentage of some long-term average. It is easier to define 

a level when landings have remained relatively stable such as in 

the Virgin Islands or in southern Florida (Powers and Sutherland, 

1989). In Puerto Rico, however, no period of stable landings exist 

to use as a baseline. A possible definition submitted for Council 

consideration is: 

"A spiny lobster stock is considered overfished when any 
of the following are observed: the spawning potential 
ratio is less that 20%, when total landings have declined 
to a level below 75% of the 5-year running mean, or when 
total landings have declined for three consecutive years." 

With this definition, the Puerto Rico fishery became overfished in 

1983 when landings dropped below 318,000 lbs and remained 

overfished until 1989 when landings increased from 143,761 to 

186,423 lbs (Figure 11). Unfortunately, the 1989 levels are still 

well below those in previous years (Table 1) although technically 

they are not overfished by this definition. One way to deal with 

this problem would be to include a definition stating that: 

"When overfished a stock will continue to be considered 
overfished until the SPR is above 20% and total landings 
are above the level at which the fishery first became 
overfished" (i.e. 380,000 lbs). 
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• Obviously other levels of landings could be considered. Also, 

with additional information, other definitions of overfishing could 

be developed (R. Appeldoorn, pers. corom.) which are beyond the 

scope of this report but which could be considered in future 

workshops. The above definition assumes that the observed rise and 

fall of landings in Puerto Rico are primarily du~ to changes in 

fishing effort. It is possible, however, that long-term cycles of 

recruitment success exist due to physical processes. If this were 

the case, then the overfishing definition could be triggered due to 

natural variation in recruitment success. At present there is an 

insufficient time series of data to demonstrate that such long-term 

cycles exist. Also, stable landings trends in the Virgin Islands 

and Florida do not support the existence of long term recruitment 

trends that could explain the rise and fall of landings in'Puerto 

Rico. 
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SUMMARY OF MAJOR RECOMMENDATIONS 

1. Data collection, entry, and storage should be standardized as 

much as possible. 

2. Where possible, data entry should be done by data collecting 

entities to avoid misinterpretation. 

3. Raw data from st. Croix on length-frequencies and catch-per­

unit-effort should be entered in the data base. 

4. Compliance with minimum sizes and other regulations should be 

increased, particularly in the Puerto Rico fishery. This may 

require improved enforcement measures to be implemented. 

5. Growth and mortality studies are needed for Puerto Rico and 

the Virgin Islands to produce yield-per-recruit models. 

6. The diver-based spiny lobster fishery in Puerto Rico should be 

studied in terms of total effort, areas fished, and size 

composition of landings. 

7. Better fishing effort data are needed. 

8. Comparisons should be made of catch rates of spiny lobster in 

fish traps versus lobster traps. 

9. Fishery independent sampling of lobster size-frequency 

distributi"ons are needed to better estimate spawning 

potential. 

10. A modified definition of overfishing is recommended that 

considers total landings as well as spawning potential. 

11. More information is needed on frequency of female spawning by 

size class. 
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!lble 1. sunary of total landings Ilbsl and fishing effort. 

i'uerto Rico St ThoDas and St. Johns St Croix 

Total Total Total Total Licensed Total Total Licensed Total 
Year Landings fishers ';essels Year Landings Fishers Vessels Landings Fishers ';essels 

1951 466760 223 
1964 150000 
1969 354000 
1970 417000 
1971 258000 
1972 237000 970 
1973 250000 930 
1974 244000 1120 
1975 311000 1230 865 
1976 384000 1230 901 
1977 421000 . 1368 1036 
1978 451000 1442 1073 
1979 512000 1442 1073 
1980 474000 1447 1087 
1981 481000 80-81 29418 258 71(8 163 
1982 359000 1872 1449 81-82 47204 256 8280 322 
1983 294229 1m 1125 8N3 29460 259 2304 195 
1984 283262 83-84 39810 255 7419 182 
1985 246501 1766 84-85 41911 255 8328 182 
1986 219203 1135 865 "85-86 39300 330 16031 206 
1987 158223 1731 86-87 23296 329 4322 200 
1988 143761 87-88 US75 306 4437 217 
1989 136423 1822 1107 88-89 

Kean • 317451 1395 1058 36534 281 7284 208 



Tabla 2. Si:a-frequencj" SUI';eiS of Spiny Lobster for Puerto Rico. 

NUllber Hean Kean Percent Percent Mai. 
of Carapace carapace Kean Below Below Si!x Cara~a~ 

Sur':,)" laae Lobster Lenqth Lenqth ;;eiqht 3.5 in 3.5 in Ratio Length 
Sampled (in) (0) Ilbs) f NUJbers) (lbs) females Kales K:F ; c.a I 

Kattox, 195;: 1951 1.4 113 
feliciano, C. 1958 1956-5 1276 4.0 101.6 2.0 19.6 
CfKC, 1981 1968 223 3.8 95.3 1.7 25.0 
Olsen & Koblic 1975 . 1970 4.3 109.3 15.1 
CfMC, 1981 1978-7 9232 3.7 93.S 1.7 40.5 23.7 
CODRElIAll' 1980 129 3.7 92.8 27.0 75 54 o.n 12-
CfMC, 1982 1980-1 5574 3.8 95.3 1.8 34.7 
CODRElIAll 1982 
CODRElIAll 1983 2ll 3.7 94.4 28.0 106 105 0.990 152 
CODRIJ!AR 1984 2184 31.0 1093 1091 0.998 
CODRIJ!AR i aW 1985 32.0 

, South Coast " 554 297 257 0.865 
., N & E Coast " 271 135 136 1.007 153 
" West Coast " 480 235 245 1.042 163 

CODRIJ!AR i986 568 3.6 92.5 39.0 258 310 1. 201 174 
COORIJ!AR 1987 387 3.8 95.6 . 30.0 179 208 1.162 152 
CODRElIAll 1988 52 31 21 o.m 
CODRIJ!AR 1989 392 3.5 90.1 41.0 235 276 1.174 
Katos & Sadovy, 1990b 1989 1037 3.5 90 

• oata collected by CODRIJ!AR and available to tbe workshop on tbe HlIFS TIP database. 
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r,tle J. Si:e-rrequency Surveys of Spiny lobster for St Thomas and Stst Thomas and St Johns, U.S. ~ir;in :s:,ncs 

NUlber Kean Kean Percent Percent Kax. 
of Carapace Carapace Mean Below Below Sex Carapac ~eln 

Sur';ey 'lear Lobster Lenqth Lenqth weight 3.5 in 3.5 in Ratio length iieiqht 
Sa.pled (in) (0) (lbs) (Nulbers) (lbs) reaales Kales K:F lUI '91 

St. John 
OCCA es·;r. ' 1985 1802 4.1 105 790 1012 1.281 152 

St. ThotaS 
CFlfC, 1981 • 1978 116 4 •• 112 2.6 9.6 6.1 
CFlfC, 1982 1979 89 4.4 113 2.8 7.9 

1980 
crKC, 1982 1981 89 •• 5 114 2.8 
OCCA usn. 1982 689 •• 5 114 16.1 I 
OCCA US,I 1983 107 •• 2 106 
OCCA osvr 1984 219 4.5 115 2.7 5.0 99 120 1.212 191 
OCCA osn 1985 1060 4.6 116 2.6 0.7 m 564 1.172 203 
OCCA USvI 1986 l345 4.3 109 2.4 1.1 468 346 1.807 191 
OCCA csvr 1987 368 4.7 119 3.0 0.3 167 200 1.197 178 
OCCA OSVI 1m m 4.4 111 2.6 0.0 115 198 1.721 165 

• Data collected by Dept. of conservation and COllUnity Affairs and available to the workshop on the KKFS rIP jatacl, 
.. June data only 



Table 3. Size-Frequency Surveys of Spiny Lobster for St Thoaas and Stst TboJaS and st Johns, 0.5. Virgin Islands 

NUIlber Mean Mean Percent Percent Kax. 
of carapace carapace Mean Below Below Sex carapac Mean 

Sur;ey Year Lobster Length Length Weight 3.5 in 3.5 in Ratio Length Weight 
saipled (in) (0) (lbs ) ( !lUlbers ) (lbs) reaales Kales R:P (0) (g) 

St. John 
DeC! USVI* 1985 1802 •• 1 105 790 1012 1.281 152 

St. TboJaS 
me, 1981 + 1978 146 •• 4 112 2.6 9.6 6.1 
CFl!C, 1982 1979 89 4.4 113 2.8 7.9 

1980 
mc, 1982 1981 89 4.5 114 2.8 
DeC! USVI' 1982 689 •• 5 114 16.7 , 
DeC! USVI 1983 107 4.2 106 
DeC! DSVI 1984 219 4.5 115 2.7 5.0 99 120 1.212 191 
DeC! OSVI 1985 1060 4.6 116 2.6 0.7 481 564 1.172 203 
DeC! OSVI 1986 1345 4.3 109 2.4 1.7 468 846 1.807 191 
DCCA USvI 1987 368 4.7 119 3.0 0.3 167 200 1.197 173 
DeC! USVI 1988 313 4.4 III 2.6 0.0 115 198 1.721 165 

• Data collected by Dept. of COlII;mation and colllWlity Affairs and available to the workshop OD the lIlIFS TIP database. 
+ June data only 

, 

.. 



Table 4. Size-frequency Surveys or Spiny Lobster for St croix, O.S.V.I. 

Rean Rean Percent Percent Kax. 
Carapace Carapace Rean Below Below Sex Carapac Rean 

Survey Year Hur of ~nqtb Lenqtb lieiqht 3.5 in 3.5 in Ratio ~nqtb lieiqht 
Lobster (in) (a) ( lbs ) (lIUIbers ) (lbs) Fe.ales Kales R:F (a) (q) 

Olsen et al., 1975 1970-1 756 4.4 113 
CFlIe, 1981 1976 996 4.1 103 2.0 1.0 

1m 
me, 1981 I 1978 233 4.6 117 2.6 0.4 2.7 
me, 1982 1979 90 4.3 109 15.5 • 

1980 
CFlIC, 1982 1981 90 4.3 109 2.5 
DCCA osn + 1981 3.9 99 
DCCA OSVl 1982 m 4.l lOS 25.9 • 
DCCA OSVI 1983 n 3.8 96 
DCCA OSVI 1984 383 4.1 104 

1985 
1986 

J.X:CA USVl 1987 637 4.l 105 2.2 2.7 297 340 1.144 lSO 989 
DCCA USVI 1m 965 4.2 106 2.1 1.3 m 522 1.191 1SO 976 
DCCA OS'll 1989 57S 4.2 106 2.2 1.4 245 333 1.359 152 983 

• includes 'legal' lobster 3.5 and 3.6' CL. 
+ Available data collected by Dept. of Conservation and COllUDity Affairs on tbe IKFS TIP database. 
, July data only 



;a::e 5: :e::gt.i·frequencies f~r spir'l :obsters ,ra.,uli:.::·;s ~i for St. Croix (BSi .. 19B9l, s~. Thowand 
St. ::h:: :;;5·i;89), and ruerow ~i;:o :1;35 .. 1;,;1. Sete, ~olUJms wi!: not add up exactly because a few :cbs:e~s 
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4.891 1.581 2.121 0.08t 1.101 2.671 0.661 1.111 O.llI 0.691 
6.791 1.671 l.271 0.161 1.661 2.011 0.551 0.721 0.1II 0.111 
3.691 1.231 1.571 0.l21 0.551 1.211 0.l91 0.461 0.06t 0.141 
2.551 D.m 1.011 0.081 0.551 1.021 0.211 0.161 0.061 0.191 
3.m 1.071 2.071 0.l51 1.041 0.381 0.4ll 0.251 
2.011 D.m 0.741 0.081 0.691 0.451 0.201 0.101 0.061 0.101 
l.5il 1.281 1.571 0.32\ 0.411 0.781 0.201 0.201 0.171 0.201 
0.891 0.461 0.371 0.071 0.l21 0.121 O.lll 0.051 
2.071 0.871 0.971 O.m 0.451 0.161 0.201 0.101 
0.051 0.191 0.091 0.071 0.221 0.121 0.101 

100.001 23.111 44.051 3.m 28.931 100.001 17.191 29.901 1.79119.ilI 
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Table 8. Fecundit'j Calculations for Puerto Rico H989, ;;est Coast). 

1 
Percentage Contribution Fecundity 

KUlber Estiaated Puerto Florida 
NUllber of Annual KUllber 2 Rico Keys !ortuqas 

Carapace of Breedinq Egg of Eggs 1989 1976 ' 1973-75 
Lenqti1 IU) reaales reaales Production (110'3 ) (dO'3) WO·31. Ixl0'3) 

<65 0 0 0 0.0 0.0 0.0 0.0 
65-75 19 3 1 323.3 7.5 21. 7 0.0 
75-85 29 11 6 2025.6 31.6 68.8 63.3 
85-95 23 34 26 9424.9 184.8 113.1 225.8 
95-105 18 32 34 12399.7 302.4 380.6 394.0 

105-115 8 15 22 8205.7 455.9 746.0 552.5 
llS-l25 2 4 8 3013.0 753.2 0.0 761.9 
125-135 1 1 4 1321.3 660.6 0.0 681.9 
135-145 0 0 0 0.0 0.0 0.0 0.0 

Total 100 100 100 36713.4 2396.2 1330.2 2679.4 
5alple Size 223 73 73 
Total Kean Fecundity (uncorrected) 3 164.6 
Total Kean Fecundity (corrected, n • 78 breeders) 175.9 57.2 314.7 
Total Kean Fecundity (calculated with 5 II classes) 177.9 
Total Kean Fecundity (calculated with 1 II classes) 182.5 
Spawninq Potential latio (10 .. classes) 55.89\ 1&.181 

MO'I'ES: 
1 Fecundity' (nUiber of eggs)/(nUiber of feaales). 
2 KUIber of Eggs • KUIber of breedinq feaales x [4.8(0.98 + 0.2598CL)'3.53] 

wbele CL is the Jidpoint of the carapace-lenqth class. 
3 Corrected IWI vaa calculated by IUltiplyinq the IWI by 78/73 to account 

for 5 reproductive feaales vi tbollt carapace JeasureJlellts • 

.. 

~I 



Table 9. fecundity Calculations for St. Croix (1989). 

1 
Percentage Contribution Fecundity 

HUJ.ber Estilated St. Florida 
Can pace NlJIber of Annual HUJ.ber 2 Croix Keys Tortugas 
length of Breeding Egg of Egqs 1989 1976 1973-75 

(l1li) Felales Felales Production (xl0'3) (x1O'3) (dO')) (dO')) 

<65 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
65-75 0.0 0.0 0.0 0.0 0.0 21.7 ' 0.0 
75-S5 O.S 0.6 0.2 253.2 126.6 68.S 63.3 
S5-95 20.8 13.7 7.9 8670.9 170.0 m.1 225.S 

95-105 41.2 43.5 36.0 )9)55.5 389.7 380.6 394.0 
105-115 24.9 26.8 30.7 33568.9 550.3 746.0 552.5 
115-125 9.8 13.1 20.2 22095.2 920.6 0.0 761.9 
125-135 2.4 2.4 4.8 5285.0 880.8 0.0 681.9 
135-145 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total 100 100 100 109228.1 3038.059 1330.2 2679.4 
n • 245 168 168 
Total Rean Fecundity (10 .. size classes) US.8 57.2 314.7 
Total Rean Fecundity (5 .. classes) 
Total Rean Fecundity (0.1 in classes) 0.0 
Spawning Potential latio 141.611 18.181 

HOtts: 
1 Fecundity = (nUJ.ber of eqqs)/(nUJ.ber of fellales). 
2 HUJ.ber of &qqs = HUJ.ber of breeding felales x {4.8(0.98 + 0.2598CL)'3.53] 

where CL is the aidpoint of the carapace-lenqth class • 

• 



Iable 10. Fecunditr Calculations for St. rhomas 119881. 

I 
Percentaqe Contribution Fecundit'i 

NUlber Estimated St. Florida 
Carapace KUllber of IJInual KUllber 2 Croix Ke'is rortuqas 
lenqth of Breeding Egg of Eggs 1m 1976 19')-75 
tlllli Females Females ?roductio (xlO'3j (xl0'3 ) t xIO') 1 ixlO'll 

<65 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
65-75 0.0 0.0 0.0 0.0 0:0 21. 7 0.0 
75-85 0.0 0.0 0.0 0.0 0.0 68.8 63.3 
85-95 31.6 27.1 14.2 8670.9 279.7 113.1 225.8 

95-105 19.4 20.0 15.1 9165.0 482.4 380.6 394.0 
105-115 27.6 30.6 3l.9 19395.3 718.3 746.0 552.5 
115-125 10.2 10.6 14.9 9039.0 903.9 0.0 161.9 
125-135 10.2 10.6 19.5 11891.3 lU9.1 0.0 681.9 
135-115 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
145-155 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
155-165 1.0 1.2 4.4 2698.9 2698.9 0.0 0.0 

Total 100 100 100 60860.'4 6272.337 1330.2 2679.4 
n • 98 85 85 
Total Kean Fecundity (10 II size classes) 621.0 57.2 314.7 
Total "ean Fecundity (5 II classes) 
Total "ean Fecundity (0.1 in classes) 583.8 
Spawning Potential Ratio 197.341 18.181 

NOTES: 
1 Fecundity· (nUlber of eqq5)/{nUlber of felales). 
2 HUlber of Eqqs : HUiber of breeding felales x (4,8(0.98 + 0.2598CL)'J.53; 

where CL is the lidpoint of the carapace-lenqth class. 



Fig u r e 1 Puerto Rico Total Lobster Landings 
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• Figure 3 

Puerto Rico. 1984 North & East Coast 
(n • 112) 
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Figure-4 

Dry Tortugas. 1973-75 
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Figure 5 

LOBSTER LENGTH FREQUENCY FROM PUERTO RICO 
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Figure 6 

Puerto Rico Total Lobster Landings 
Observed versus Predicted 
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Figure 7 
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Spiny Lobster 
1990 Stock Assessment 
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Figure 9 
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Figure 10 

St. Thomas, 1984 
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